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(57) ABSTRACT 

A primary-Side power modulator for an isolated Switching 
mode power Supply operating under Secondary-Side control 
comprising a pulse width determining circuit for real-time 
primary-side adjustment of a PWM control signal received 
from a secondary-side PWM controller. While accepting 
pulse width commands from an isolated Secondary-side 
PWM controller, the pulse width determining circuit has the 
ability to reduce the width of the Switching pulse in response 
to primary-Side information. The power modulator may 
further comprise a start-up circuit for ensuring that the 
primary-side Supply Voltage is above a minimum under 
Voltage lock out threshold, a Soft Start circuit for controlling 
the power Switch at power-up, a pulse receiver for receiving 
the PWM control signal generated by the secondary-side 
PWM controller, and a drive circuit for driving an external 
solid-state power Switch with the adjusted PWM control 
Signal. 
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SOLATED SWITCHING-MODE POWER 
SUPPLY CONTROL CIRCUIT HAVING 
SECONDARY-SIDE CONTROLLER AND 

SUPERVISORY PRIMARY-SIDE 
CONTROLLER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. S119(e) 
to U.S. Provisional Application No. 60/122,013, filed on 
Mar. 1, 1999; the disclosure of which is hereby incorporated 
by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

N/A 

BACKGROUND OF THE INVENTION 

The present invention relates to Switching-mode power 
Supplies and, more particularly, to primary-side Start circuits 
for Switching-mode power Supplies. 

Switching-mode power Supplies for the efficient regula 
tion of a direct-current (DC) voltage are well known. A 
Switching-mode power Supply “chops' a DC input voltage 
to produce a high-frequency alternating current (AC) rect 
angular waveform by operating a power transistor in a 
non-linear “Switching” mode. A pulse width modulator 
(PWM) controller generates a pulse train that is used to 
Switch the power transistor on and off. The resulting high 
frequency AC rectangular waveform is rectified and L-C 
filtered to produce an output DC voltage. The DC output 
Voltage, which varies with the width of the Switching pulse, 
is compared against a reference Voltage to produce a DC 
error signal. The PWM controller uses the error signal to 
adjust or modulate the Switching pulse width and thereby 
regulate the DC output Voltage. 
Many applications require isolation between the power 

Source and the load, and a Switching mode power Supply 
typically includes a power transformer that, inter alia, pro 
vides isolation. The PWM controller may be placed either on 
the primary (i.e., Source) side or Secondary (i.e., load) side 
of the transformer. When the PWM controller is placed on 
the primary Side it can be easily powered by the primary 
power Source, but feedback of the low-level analog error 
Signal across the isolation boundary is difficult. A Secondary 
side PWM controller offers several advantages over a 
primary-side PWM controller, including easier closure of 
the analog feedback loop, easier feedback of the high-level 
digital PWM signal across the isolation boundary, simpler 
load management (e.g., power monitoring of the load, 
Sequencing from the load, frequency Synchronization with 
the load), easier load current Sensing, a load sharing 
capability, faster loop response and the direct drive of 
synchronous rectifiers. However, the secondary-side PWM 
controller, which is isolated from the primary power Source, 
operates from Secondary-Side power and thus cannot gen 
erate a PWM signal to initiate operation of the power 
transistor Switch. 

One solution to the secondary-side PWM controller prob 
lem is to provide a primary-Side Startup circuit, typically 
comprising a free running oscillator, to generate a Switching 
pulse train and thereby initiate operation of the power 
transistor. For example, U.S. Pat. No 4,694,384 (Steigerwald 
et al.) discloses a Switching-mode power Supply having a 
primary-side voltage controlled oscillator (VCO) for gener 
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2 
ating a startup Switching pulse train and a primary-side 
digital data detector for receiving digital error data from a 
secondary side PWM generator via an electrically-isolated 
data transmission device, Such as a pulse transformer. A 
multiplexing circuit Selects the VCO output during Startup 
and Switches to the PWM generator output during normal 
“run”operation. U.S. Pat. No 4,887,199 (Whittle) discloses 
a Switching-mode power Supply having a primary-side 
relaxation oscillator for generating a startup Switching pulse 
train and a circuit for disabling the Startup Switching pulse 
train when a Secondary-Side pulse generator begins normal 
operation. In both patents, the passing of PWM control to the 
Secondary-Side for normal operation is absolute with only 
secondary-side information being factored into the PWM 
control signal. The inability to make primary-Side adjust 
ments to the PWM control signal renders the isolated 
Switching-mode power Supply a less than optimal Solution 
for a typical universal-input power Supply. 

BRIEF SUMMARY OF THE INVENTION 

A primary-Side power modulator for an isolated 
Switching-mode power Supply operating under Secondary 
Side control comprises a pulse width determining circuit for 
real-time primary-side adjustment of a PWM control signal 
received from a secondary-side PWM controller. While 
accepting pulse width commands from an isolated 
secondary-side PWM controller, the pulse width determin 
ing circuit has the ability to reduce the width of the Switch 
ing pulse in response to primary-Side control information, 
Such as maximum duty-cycle limit and maximum power 
Switch current. Thus, the primary-Side modulator functions 
in a Supervisory manner to override the control exerted by 
the Secondary-side controller under certain potentially dam 
aging operating conditions. The power modulator may fur 
ther comprise a start-up circuit for ensuring that the primary 
Side Supply Voltage is above a minimum under-Voltage lock 
out threshold, a Soft Start circuit for controlling the power 
Switch at power-up, a pulse receiver for receiving the PWM 
control signal generated by the secondary-side PWM 
controller, and a drive circuit for driving an external Solid 
state power Switch with the adjusted PWM control signal. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The invention will be more fully understood by reference 
to the following Detailed Description of the Invention in 
conjunction with the drawings, of which: 

FIG. 1 is a block diagram of an isolated Switching-mode 
power Supply incorporating a primary-Side power modulator 
in accordance with the invention; 

FIG. 2 is a block diagram of a primary-side power 
modulator in accordance with the invention; and 

FIG. 3 is a block diagram of an alternative embodiment of 
the primary-side power modulator of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A block diagram of an isolated Switching-mode power 
Supply 10 incorporating a primary-Side power modulator 
100 in accordance with the invention is illustrated in FIG. 1. 
The power Supply 10 converts an alternating current (AC) 
voltage, AC INPUT, to a direct current (DC) voltage, DC 
OUTPUT. The power supply 10 further comprises an input 
rectifier and filter circuit 20, a power stage 30, a power 
transformer 40, an output rectifier and filter circuit 50, a 
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secondary-side pulse width modulator (PWM) controller 60, 
and a pulse transformer 70. 
The input rectifier and filter stage 20 converts the AC 

INPUT to a DC INPUT voltage. The power modulator 100 
drives the power Stage 30 in an open-loop mode at power up 
to initiate a high-frequency Switched current flow through a 
primary winding 42 of the power transformer 40. The output 
rectifier and filter 50 converts the high-frequency switched 
waveform Voltage developed acroSS a Secondary winding 44 
of the power transformer 40 to the DC OUTPUT voltage. 
The secondary-side PWM controller 60 compares the DC 
OUTPUT Voltage to a DC reference voltage to produce an 
error voltage. The PWM controller 60 then converts the 
error voltage to a PWM control signal which is applied to a 
primary winding 72 of the pulse transformer 70. When the 
power modulator 100 detects the PWM control signal at a 
secondary winding 74 of the pulse transformer 70, the power 
modulator 100 transitions from the open-loop mode to a 
closed-loop mode under Secondary-side control, but having 
the capability to adjust the PWM control signal in response 
to primary-Side conditions, Such as maximum duty-cycle 
limit and primary-side current limit. 
Ablock diagram of the primary-side power controller 100 

is illustrated in FIG. 2. The secondary winding 74 of the 
pulse transformer 70 is connected to a pulse receiver circuit 
110 comprising a start pulse comparator 112 and a stop pulse 
comparator 114. Because the power modulator 100 detects 
the rising and falling edges of a Switching pulse, the Signal 
passed through the pulse transformer need not replicate the 
pulse shape of the PWM control signal but instead need only 
contain those frequency components necessary to detect the 
rising and falling pulse edges. A rising edge of the PWM 
Signal produces a positive Spike across the Secondary wind 
ing 74 that is detected by the start pulse comparator 112. A 
falling edge of the PWM control signal produces a negative 
Spike acroSS the Secondary winding 74 that is detected by the 
Stop pulse comparator 114. 
A startup circuit 120 includes an oscillator 122 that runs 

open loop when AC power is first applied to the power 
Supply 10 and the primary-Side Supply Voltage has risen 
above a minimum under-Voltage lock out threshold, or at 
other times when the PWM control signal may be absent. 
The open-loop Switching frequency is determined by the 
time constant of a timing resistor, R, and a timing capacitor, 
C. The loop is closed when the power modulator 100 
receives the PWM control signal from the secondary-side 
PWM controller 60 so that the oscillator 122 is synchronized 
to the PWM control signal by the start pulse. 
A pulse width determining circuit 130 includes a PWM 

latch 132 that determines the width of each Switching pulse 
applied to an external Solid-state power Switch, i.e., MOS 
FET device 32 of the power stage 30. The Switching pulse 
width is defined by the time duration between a set and the 
subsequent reset of the PWM latch 132. The PWM latch 132 
is Set by the oscillator clock to thereby Synchronize the rising 
edge of the latch output with the rising edge of the Switching 
pulse. During normal operation, the PWM latch 132 is reset 
by the Stop pulse to initiate the falling edge of the Switching 
pulse and thereby determine the Switching pulse width. The 
output of the PWM latch 132 is passed through a PWM drive 
amplifier 140, and the amplifier output is applied to the gate 
of the MOSFET device 32. 

In addition to the Stop pulse, a Soft-Start Signal, a maxi 
mum duty-cycle limit Signal and a current-limit Signal also 
serve as inputs to a multiple-input OR gate 134. Each OR 
gate input may independently reset the PWM latch 132 and 
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4 
thereby prematurely terminate the Switching pulse. The 
Soft-Start Signal causes the Switching pulse width to gradu 
ally increase from Zero at power Supply startup. Specifically, 
a power Supply startup comparator 124 detects when the DC 
INPUT voltage has reached an acceptable level and enables 
a Soft-Start circuit 126 for charging an external Soft-Start 
capacitor, Css. A Soft-start comparator 128 then compares 
the Soft-start capacitor Voltage with the OScillator ramp 
Voltage to generate the Soft-Start Signal. 

The maximum duty-cycle limit Signal and current limit 
Signal are part of the Supervisory functionality of the 
primary-side modulator 100. The maximum duty-cycle limit 
Signal is produced by the oscillator 122 and prevents the 
Switching pulse width from exceeding a maximum value 
ensuring that there is an adequate amount of time to reset the 
power transformer 40. In particular, it overrides excessively 
wide pulses of the PWM control signal and also serves as the 
stop pulse when the PWM control signal is absent. The 
current-limit Signal is generated by a current-limit compara 
tor 136 that detects when the Voltage across an external 
primary-winding current Sensing resistor, Ris, has exceeded 
a predetermined level. 
As shown in FIG. 3, additional primary-side protection 

circuitry, Such as an input volt-Second clamp 138, may be 
implemented by providing the appropriate detection and 
Signal generation circuitry and one or more additional inputs 
to the reset OR gate 134. Furthermore, a complete power 
Supply shutdown (and follow-up restart) for major faults, 
Such as input under-Voltage or over-Voltage 152, power 
modulator Supply under-Voltage lock out 154, excessive 
over-current 156 and continuous pulse-by-pulse over 
current 158, may be implemented by providing the appro 
priate detection and signal generation circuitry, a shutdown 
latch 150 having a multiple-input OR gate 151 with inputs 
for each major fault, and an additional input to the reset OR 
gate 134 for the output of the shutdown latch 150. 

It should further be appreciated that alternative mecha 
nisms for transmitting the PWM control signal in isolation 
from the secondary-side PWM controller 60 to the primary 
side power modulator 100 may be employed. For example, 
an electro-optic coupler may be used in place of the pulse 
transformer 70. 

Having described a preferred embodiment of the 
invention, it will be apparent to one of skill in the art that 
other embodiments incorporating its concepts may be used. 
Accordingly, the invention should be limited only by the 
Spirit and Scope of the appended claims. 
What is claimed is: 
1. Control circuitry for an isolated Switching-mode power 

Supply operating under Secondary-Side control, comprising: 
a Secondary-Side controller operative to monitor an output 

Voltage of the power Supply and to generate a pulse 
width-modulated (PWM) control signal, the PWM con 
trol Signal being generated Such that it can be used to 
control one or more primary-Side Switching elements in 
the power Supply to maintain a predetermined output 
Voltage level; and 

a primary-side controller operative to receive the PWM 
control signal and to generate a PWM drive signal to 
control the primary-side Switching elements, the 
primary-side controller including: 
Supervisory circuitry operative to detect certain 

primary-Side operating conditions under which the 
modulation of the PWM drive signal is to be modi 
fied from that dictated by the PWM control signal; 
and 
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pulse width determining circuitry operative to modul 
late the PWM drive signal as dictated by the PWM 
control Signal and upon detection of the certain 
operating conditions to modify the modulation of 
said PWM drive signal accordingly. 

2. Control circuitry according to claim 1, further com 
prising an isolation device for coupling the PWM control 
Signal from the Secondary-Side controller to the primary-side 
controller, and wherein the primary-Side controller further 
includes a pulse receiver circuit for receiving said PWM 
control Signal from Said Secondary-Side controller via Said 
isolation device, Said pulse receiver circuit being operative 
to generate power Stage activating pulses upon detection of 
leading edges of Said PWM control Signal and power Stage 
de-activating pulses upon detection of trailing edges of Said 
PWM control signal. 

3. Control circuitry according to claim 2, wherein Said 
power Stage activating pulses are used to Synchronize lead 
ing edges of pulses of said PWM drive signal with leading 
edges of said PWM control signal, and further wherein said 
power Stage de-activating pulses are used to generate trailing 
edges of pulses of said PWM drive signal. 

4. Control circuitry according to claim 2, wherein Said 
isolation device is a pulse transformer. 

5. Control circuitry according to claim 1, wherein Said 
primary-Side controller includes an oscillator for generating 
a clock signal and a Soft Start circuit for generating a Soft 
Start Signal, Said oscillator operating in an open loop mode 
at power supply start up and when said PWM control signal 
is not received, said oscillator being Synchronized to leading 
edges of pulses of said PWM control signal when said pulse 
determining circuitry modulates said PWM drive signal as 
dictated by said PWM control signal. 

6. Control circuitry according to claim 5, wherein Said 
pulse width determining circuit Synchronizes leading edges 
of pulses of said PWM drive signal to said oscillator clock 
Signal and gradually increases Said widths of pulses of Said 
PWM drive signal at power supply start up in response to 
Said Soft Start Signal. 

7. Control circuitry according to claim 1, further com 
prising: 

a drive circuit for driving Said primary-Side Switching 
elements with said PWM drive signal. 

8. Control circuitry according to claim 1, wherein Said 
certain operating conditions include a maximum duty-cycle 
limit of the PWM drive signal. 

9. Control circuitry according to claim 1, wherein Said 
Supervisory circuitry includes circuitry for monitoring one 
or more primary-side circuit parameters and generating a 
primary-Side control Signal for each of Said one or more 
parameters, each primary-Side control signal indicating 
when a respective parameter has crossed a predetermined 
threshold. 

10. Control circuitry according to claim 9, wherein said 
one or more primary-side control Signals include a primary 
Side current-limit Signal. 

11. Control circuitry according to claim 9, wherein said 
one or more primary-Side control Signals include a Volt 
Second limit Signal. 

12. Control circuitry according to claim 1, wherein Said 
primary-Side controller further includes circuitry for moni 
toring one or more primary-side circuit critical parameters 
and generating a major fault signal for each of Said one or 
more critical parameters, Said major fault Signal indicating 
when a respective critical parameter has crossed a predeter 

5 

15 

25 

35 

40 

45 

50 

55 

60 

6 
mined threshold, and wherein the control circuitry is opera 
tive to initiate a power Supply shutdown in response to one 
or more of Said major fault signals. 

13. Control circuitry according to claim 12, wherein Said 
one or more major fault signals include an input under 
Voltage Signal and an input over-Voltage Signal. 

14. Control circuitry according to claim 12, wherein Said 
one or more major fault Signals include a primary-side 
excessive over-current signal. 

15. Control circuitry according to claim 12, wherein Said 
one or more major fault Signals include a primary-side 
continuous pulse-by-pulse over-current Signal. 

16. Control circuitry according to claim 12, being further 
operative to initiate a follow-up restart of the power Supply 
after the power Supply shutdown. 

17. Control circuitry according to claim 1, wherein the 
power Supply is a DC power Supply, and wherein Secondary 
side controller is operative to generate the PWM control 
Signal Such that when used to control the one or more 
primary-side Switching elements a predetermined DC output 
Voltage level is maintained. 

18. Control circuitry for an isolated Switching-mode 
power Supply operating under Secondary-Side control, com 
prising: 

a Secondary-Side controller operative to monitor an output 
Voltage of the power Supply and to generate a pulse 
width-modulated (PWM) control signal, the PWM con 
trol Signal being generated Such that it can be used to 
control one or more primary-Side Switching elements in 
the power Supply to maintain a predetermined output 
Voltage level; and 

a primary-side controller operative to receive the PWM 
control signal and to generate a PWM drive signal to 
control the primary-side Switching elements, the 
primary-side controller including: 
pulse width determining circuitry operative, when 

enabled, to modulate the PWM drive signal as dic 
tated by the PWM control signal; and 

protection circuitry operative to monitor one or more 
primary-Side circuit critical parameters and, upon 
determining that the value of a given parameter 
Signifies a major fault condition, to disable the 
modulating of the PWM drive signal by the pulse 
width determining circuit. 

19. Control circuitry according to claim 18, wherein the 
critical parameters include a primary-Side Supply Voltage, 
and wherein the monitoring includes determining whether 
the primary-side Supply Voltage is greater than a predeter 
mined over-Voltage limit and determining whether the 
primary-side Supply Voltage is less than a predetermined 
under-Voltage limit. 

20. Control circuitry according to claim 18, wherein the 
critical parameters include a primary-Side output current, 
and wherein the monitoring includes determining whether 
the instantaneous primary-Side output current exceeds a 
predetermined over-current limit. 

21. Control circuitry according to claim 18, wherein the 
critical parameters include a primary-Side output current, 
and wherein the monitoring includes determining whether 
the primary-side output current over a Series of continuous 
pulses exceeds a predetermined continuous pulse-by-pulse 
over-current limit. 


